"Females speak faster than males." Although several studies have proved this stereotype to be wrong (Byrd 1994) , it is still a widespread belief in many languages and within both genders. The interesting question is why. Two findings are particularly relevant regarding this stereotype: First, females reveal a greater acoustic vowel space than males (Hillenbrand et al. 1995) . Second, a stimulus with a moving f0-contour is perceived as faster than the same stimulus with a monotonous contour (Lehiste 1976) . From that, we might propose that if a dynamic f0 contour triggers the perception of a faster speaking rate, then a larger acoustic vowel space might have the same effect. The reason for female speakers being perceived as speaking at a faster tempo, then, is that they traverse on average a larger acoustic vowel space within the same timeframe than male speakers do. Furthermore, we could also expect a relationship between vowel space size and perceived speech tempo within the same gender. A perception test was conducted with temporally aligned stimuli from 56 female speakers who vary in their vowel space sizes. Results reveal a significant positive correlation between vowel space size and perceived tempo (r = .36, p < .001).
INTRODUCTION

Acoustic Vowel Space
It has been repeatedly found that females reveal a larger acoustic vowel space than males (see e.g. Hillenbrand (1995) and Diehl et al. (1996) for American English, Whiteside (2001) for British English, Simpson & Ericsdotter (2007) for German). To confirm this we measured the vowel spaces of 20 female subjects that participated within the present study and additionally of a control group of 17 male speakers matched in age and dialectal background. The first and second formant were measured within the stable part in the middle of the vowels /i‫ޝ‬ ‫ܭ‬ a ‫/ݜ‬ contained in the sentence "Wie lang hat es denn gedauert" (How long did it take?) and transformed to the Bark scale. Figure 1 clearly shows that even in a perceptually more appropriate Bark-scaled vowel space, female speakers (red dots) exhibit larger F2xF1 spaces than males (blue dots). Furthermore it is obvious that women and men differ especially in F2 of /i‫/ޝ‬ and F1 of /a/. This is in line with earlier studies showing greatest sex-specific differences in higher formants (see e.g. Simpson & Ericsdotter 2007) . Several reasons have been offered to account for these differences including behavioral, bio-physical and perceptual factors (see Simpson 2009 or Weirich & Simpson (submitted) for an overview). The present paper does not focus on the potential reasons for these differences but rather its consequences in the perception of speech, and in particular its effect on perceived speech tempo.
To summarize, two findings are particularly relevant for the present study. First, females reveal in general a larger acoustic vowel space than men. Second, a stimulus spoken with a moving f0 contour is perceived as being longer than a stimulus spoken with a monotonous f0 contour. From that we suggest that one reason why female speakers might be perceived as speaking at a faster tempo is that they traverse on average a larger acoustic vowel space within the same time-frame as male speakers do. If this is true, a relationship between vowel space size and perceived speech tempo should also exist within the same gender. Indeed, it would be problematic to have listeners judge tempo differences between male and female stimuli since any stereotypes about differences in male and female speech would inevitably introduce a serious confound.
MATERIAL AND METHODS
Stimuli and Parameterization of Vowel Spaces
Twenty female students from eastern central Germany showing very little dialectal influence served as speakers for the perception test. Within an experimental phonetics course, students recorded a short list of sentences. Contained within this list, they were required to read the sentences: "Wie lang hat es denn gedauert". The sentence was chosen since it exploits the whole vowel space and we also expected it to contain little interindividual segmental variation which in turn would facilitate the synthetic manipulation.
The vowel space size of each speaker (and thus each stimulus) was parameterized by calculating the polygon area spanned by the first and second formant of all vowels contained in the different stimuli. The formants were measured in the middle of the labeled vowels /i‫,/ޝ‬ ‫/ܭ/‬ /a/ and ‫/ݜ/‬ contained in the stimulus sentence. In the case where two or more renditions of the same vowel existed (such as for ‫/ܭ/‬ in <es> and <denn> and <gedauert>) an average value was calculated and used for the estimation of the polygon size. 
Manipulation of Stimuli
The stimuli should vary in vowel space size but not in segment duration, average fundamental frequency and f0 contour. To begin with each of the 20 speaker-tokens of the sentence was manually segmented using the same set of labels. An average set of segment durations was then calculated and the segments in each token were then temporally lengthened or shortened to match the average durations using psola (Moulines & Charpentier 1990) implemented by Michel Scheffers. Following temporal normalization, each token was synthesised with the same f0 contour taken arbitrarily from one of the tokens. Finally, the amplitudes of the tokens were normalized to the same level. Following these manipulation steps, we had 20 stimuli with the same segmental durations, f0 contours (therefore also average f0) and similar loudness contours, differing primarily in the acoustic vowel space being traversed.
Perception Test
The 'ExperimentMFC' (Multiple Forced Choice) facility in Praat was used to present the stimuli to the listeners (Boersma & Weenink 2012) . The stimuli were presented over headphones in pairs and the listeners had to answer for each stimulus pair the question: "Was the second stimulus faster or slower than the first one?" All possible pairwise speaker combinations were created out of the 20 speakers, but excluding same speaker combinations. The order in which the pairs were presented was reversed for half of the listeners. In other words, two listening groups (consisting of 16 listeners matched in sex and age) rated 190 different speaker pairs each. This resulted in 190 different speaker pairs x 2 orders giving a total of 380 stimuli pairs rated by 32 listeners (8 male, 24 female, aged 19-30 years). The listeners were asked to rate the speech tempo of speaker 2 with respect to speaker 1 on a scale from -3 (much slower) to +3 (much faster). It was also possible for the listeners to answer with 0, meaning they do not perceive any difference at all between the two speakers' speech rates. All together the experiment lasted approximately 20 minutes. Ratings for each speaker pair and all listeners were stored. Prior to the experiments a test round was done to familiarize the listeners with the design. The order of the playlist for each listener was generated in random order.
Analyses
A mean rating for each speaker pair was calculated over the 32 listeners. Furthermore, the difference in vowel space size for each speaker pair was calculated. In this way the relationship between the vowel space size and the perceived speech tempo could be investigated. Pearson product correlation coefficients between the rated speech tempo and the vowel space size were calculated. In addition, linear mixed models (Pinheiro & Bates 2000) as implemented in the lme4 package of the R software (version 2.14.1, R Development Core Team 2008) with rating as dependent variable, difference in polygon size and sex of listener as fixed factors and listener, and speaker 1 and speaker 2 of the rated pair as random factors were run.
RESULTS
Vowel Space Size
As indicated above the vowel spaces were parameterized for each stimulus. Therefore, the first two formants (F1 and F2) were measured for the four different vowels /i‫ޝ‬ ‫ܭ‬ a ‫/ݜ‬ within the stimulus sentence. Since /e/ and /a/ occurred more than once within the sentence, average values were calculated. Figure 2 shows the vowel space polygons created from the four vowels of the target sentence for three different speakers. It is apparent that differences in the form and size of the vowel spaces exist. The speaker marked by the red dots has a very large vowel space, both in terms of the F1 and F2 dimension. The vowel space of the speaker marked by the green dots is quite similar to the one spanned by the red dots in terms of the form but varies highly in size. While the speaker marked by the blue dots also reveals a rather small vowel space with respect to the F1 dimension, the speaker still has a very fronted /i:/ with a high F2 value. In the perception test speaker pairs had to be rated, more precisely, the speech tempo of the second speaker had to be judged with respect to the first speaker. Therefore, the absolute size of a speaker's vowel space was not the critical parameter, but rather the difference in vowel space size between the two speakers. Thus, the differences in vowel space sizes were calculated for each of the 380 stimuli pairs. Since each speaker pair was included twice in the perception test (in both orders), each amount of vowel space difference occurred once with a positive and once with a negative sign. Figure 3 gives an overview of the perceived speech tempo ratings for all speaker pairs. As expected, most ratings were given for "0" (meaning listeners did not perceive any tempo difference at all where indeed was none). However, the figure also shows that variation in ratings exists and that the rating scale was used to the extremes in both directions. Remember that the ratings always considered the second speaker. As expected (cf. Lehiste 1976) and as the figure shows, the second speaker was more likely to be perceived as faster (than slower) than the first one. FIGURE 3. Distribution of perceived tempo ratings of the second stimulus in relation to the first one on a scale from -3 (much slower) to +3 (much faster).
Ratings of Speech Tempo
To look for a relation between perceived speech tempo and vowel space size, a mean rating over all listeners was calculated for each of the 380 stimuli pairs. This mean rating ranged from -1.37 to 0.93 (average = 0.047) and was used for the following correlation analysis.
Relation between Perceived Speech Tempo and Vowel Space Size
A linear mixed model was calculated on the whole data set with the given response (from -3 to +3) as dependent variable. The fixed factors were difference in polygon size and sex of listener; the random factors were listener, and speaker 1 and speaker 2 of the rated pair. While sex of listeners did not reveal a significant effect, the vowel space difference turned out to show significance (p < .05).
To visualize the relationship between vowel space size and perceived speech tempo mean ratings were calculated for each stimulus pair and figure 4 visualizes the average tempo rating as a function of vowel space difference. A difference around 0 means that both speakers did not differ much in their vowel space sizes. A high positive value on the x axis means that the second speaker had a much larger vowel space than the first speaker. A high negative value on the x axis means that the second speaker had a much smaller vowel space than the first speaker. Remember that always the second speaker had to be rated (in relation to the first one). In the figure, a positive relation between the two parameters is apparent. Thus, a high average tempo rating (of the second speaker) is related with a high positive difference in vowel space size (i.e. a larger vowel space of the second speaker). Pearson's product-moment correlation coefficients were calculated and revealed a highly significant positive correlation (r = .36, p < .001). 
SUMMARY AND DISCUSSION
A detailed temporal manipulation of 20 female tokens of the same sentence was used to test the hypothesis that a speaker traversing a larger acoustic vowel space in the same time as a speaker with a smaller acoustic vowel space will be perceived as speaking at a faster tempo. A significant positive correlation between perceived tempo and the area of a polygon calculated from the F1 and F2 values of the vowels in the stimuli lends support to this hypothesis. Although we cannot directly test this for fear of introducing the confounding influence of stereotype, we would like to suggest that the well-documented fact that female speakers have on average larger acoustic vowel spaces than males, may be a reason for the popular claim often heard that females speak faster than males, despite several studies showing that from a purely durational perspective, males actually have shorter durations.
